Buckypaper toughness as a function of composition, determined by normalizing to sample weight the integral of measured tensile force versus length change to failure, is shown in Fig. S1 . The density-normalized in-plane electrical conductivity, measured via four-point probe apparatus, is also presented in Fig.  S1 .
III. Theoretical Calculation of Poisson's Ratio
The challenge is to formulate models for the intractably complex nanotube sheets that are sufficiently simple that they can be tested and used for prediction of future results. The derived hexagonal model describes key features of the carbon nanotube sheets: isotropic in-plane mechanical properties; preferential nanotube orientation in the sheet plane, but with positive and negative deviations from in-plane orientation by an average angle γ; and highly anisotropic Poisson's ratios.
The nanotubes (and nanotube bundles) are represented by zigzag chains parallel to the sheet plane (with angle between the struts and the basal plane of ±γ and an inter-strut angle of 2θ = π -2γ (Fig. S2) ). Zigzag chains in one nanotube sheet layer connect non-covalently with those in adjacent layers at the extremes of the zigs and zags, where torsion about the contact enables change in the intersection angle φ between nanotubes.
The simplest structure that provides these key features of the nanotube sheets has space group P6 2 22 and inter-nanotube non-covalent junctions located at (0.5, 0, 0) and two other equivalent locations in the unit cell. The same mechanical properties result for the structure (Fig. 1C ) in which each successive layer of zigzag chains are equally likely to be added in either of two possible directions.
A labeled diagram illustrating the structural model of Fig. 1C is shown in Fig.  S2 . Before deformation by application of tensile stress in the x-direction, struts 1 have length L 10 and length projected onto the sheet plane (xy plane) of L 1p0 (Fig. S2) , and struts 2 have the same length (L 20 ) and projected length (L 2p0 ) as for struts 1. For the special case of γ = 0, L 1p0 = L 10 ≡ L.
The following elastic deformations were considered: axial deformation of the nanotube (or nanotube bundle), represented by the force constant k S ; angle bend in a nanotube due to changes in the θ angle, represented by the bending force constant k θ ; and change in the torsional angle φ between coupled intersecting nanotubes, represented by the torsional force constant k T . These force constants are effective values, arising in the intractable real structure from the energy needed to straighten meandering nanotubes and change the angle between intersecting nanotubes. For a single zigzag nanofiber ( Fig. S2 (C) ), the following force constant results when both strut stretch and 2θ angle deformation are included:
When an in-plane tensile stretch is applied in the x-direction, causing a small tensile strain ε = ΔL 1p /L 1p0 (<< 1), strut lengths and angles change to L 1p = L 1p0 + ΔL 1p , L 2p = L 2p0 + ΔL 2p , φ 1 = φ 10 + Δφ 1 , φ 2 = φ 20 + Δφ 2 (φ 10 = φ 20 = 60 o ), and likewise for θ. Expressing the total energy per strut (E) needed for a given small tensile strain in terms of angle bend and strut length changes yields:
Minimization of E provides all changes in lengths and angles for a specified small tensile strain in the in-plane direction. From these changes, the in-plane (ν 1 ) and sheet thickness direction (ν 3 ) Poisson's ratios can be obtained. This energy minimization, which is subject to the constraint that all layers have the same tensile-direction and width-direction strains (i.e., L 1p = 2 L 2p sin(φ 2 /2); φ 2 + 2φ 1 = 180 o ), yields Δφ 2 = 2 R'ε/[(3) 1/2 (1 + R')] and ΔL 2p = Lε/(1 + R'), where R' = k SB /k T (Δφ 1 and ΔL 1p are obtained from Δφ 2 and ΔL 2p using the constraint conditions). Hence, Eqn. 2 becomes:
The in-plane Poisson's ratio is ν 1 = -(ΔL y /L y0 )/ε with L y = L 2p cos(φ 2 /2). The sheet thickness direction Poisson's ratio is given by a three-layer average, i.e.,
where ΔL iz /L iz0 refers to the thickness direction change of the height of strut i due to change in the tensile direction change ε. The resulting expressions are: γ/R. Also, from Eqn. 1 and the above β of Eqn. 4 for the more general case where all three above deformation modes can occur, β = 3k T /k SB. The Young's modulus of the nanotube sheet is obtained by taking the second derivative of the per-strut energy of Eqn. 3 with respect to ε, and using R' = k SB /k T = 3(1+ν 1 )/(1-3ν 1 ):
where V S is the volume per strut in the sheet structure. We find nanotube beam bending through the force constant k B has the same effect on ν 1 as torsion at the junctions between intersecting nanotubes, described using the torsional force constant k T . Specifically, ν 1 = [1-β]/[3+β], with β = 3 k B /k SB for the case where inter-nanotube junctions are rigid and, as above shown, β = 3 k T /k SB for the case where nanotube beam bending is ignored. This agreement in functional form is quite reasonable, since both torsion at internanotube junctions and nanotube beam bending have the same effect of causing changes in inter-nanotube intersection angle, which results in the positive ν 1 observed for other fiber networks.
The dependence of ν 1 on the ratio of beam bending to nanotube stretch force constants were obtained using the Cerius 2 open force field molecular mechanics program from Accelrys, Inc. (We also used this same program and a 3D structure having the above P6 2 22 space group to verify results from the above analytical calculations for the case where torsional rotation is the dominant deformation mode for changing inter-nanotube intersection angles.) Because only the in-plane Poisson's ratio ν 1 is presently being evaluated, we used a 2D sheet structure to represent the dependence of ν 1 on effective k B /k SB . These 2D sheets look like the projection of the structure shown in Fig. S2 (A) , except that six co-planar struts meet in 2D at each junction. To exploit Cerius 2 for the present purpose of excluding torsional angle changes, but enabling strut length changes and strut bending, the struts were represented by long (-C≡C-) n -like chains, where n is a large integer, that were connected to artifically contracted six membered rings that were so small and so rigid with respect to angle and dimensional changes that they acted as an junction that does not allow the equivalent of torsional rotation. By varying strut bending and strut elongagtion moduli arbitrarily, these molecular mechanics calculations provided
Deriving the effective strut lengths for the highly disordered SWNT and MWNT buckypaper is important, because strut length and volume per strut length is needed for comparing theory with experiment.
For calculating these parameters, we look at the intersecting nanotubes (or nanotube bundles) as being stacked in the thickness direction like layers of logs having an effective diameter D', where D' is the sum of the covalent diameter of the nanofiber and the 0.34 nm van der Waals diameter of carbon. Correspondingly, the volume per strut is D'L 2 sin(120°). If the strut weight per strut length is W L and the measured nanotube sheet density is
. Using the observed densities for the MWNT sheets (0.343 g/cm 3 ) and SWNT sheets (0.692 g/cm 3 ), the corresponding calculated L for MWNT struts and SWNT struts are 54.3 nm and 39.5 nm, respectively. Using this strut volume, Eqn. 5 becomes k SB = 2YD'sin(120°)/(1-ν 1 ). Figures   Fig. S1 . Measured buckypaper toughness for an applied in-plane tensile stress (black triangles) and density-normalized in-plane electrical conductivity (blue dashes) vs. MWNT content in SWNT/MWNT sheets. The error bars on data points correspond to plus and minus the standard deviation of measurements on different samples. 
